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Abstract. Urban railway is one of the advanced public transport methods, deployed in many
large cities around the world with many advantages such as: fast travel time, large transport
volume, environmental protection. , reduce traffic congestion... In Vietnam, several urban
railway lines have been exploited/tested, opening a new stage of development for our country's
public transport. However, these are also pilot projects so there are still many issues that need
to be researched. According to classical standards and theories used in urban railway design in
Vietnam, the dynamics of railway bridge structures often focus mainly on the bridge structure
but ignore the dynamic behavior of the rails. For long-term development and ensuring
operational safety requirements, improving life cycle quality, improving comfort when
traveling by urban railways, evaluating the dynamic response of track structures under impact
application of train load is necessary. In this study, the authors built a finite element model that
considers the interaction between train - rail - bridge of the Cat Linh - Ha Dong urban railway
bridge structure. The model mainly focuses on the behavior of the track, specifically the
dynamic displacement under the action of the train with a simple bridge structure with a box
cross-section in urban areas. The model is evaluated, compared, and updated with actual field
measurement results. Through research, the finite element model will have uncertain
parameters removed, be closer to reality, be capable of serving in-depth research, and contribute
to ensuring safety in operations and maintenance project maintenance.

Keywords: Dynamic displacement, Dynamic model, Train-rail interaction, , Dynamic response
experiment.
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Téom tat. Puong sit do thi 1a mot trong nhimg phuong thirc van tai cong cong ti€n tién, duoc
trién khai tai nhiéu thanh pho 16n trén thé gidi voi nhiéu uu dlem nhu: thoi gian di chuyen
nhanh, khéi luong van chuyen 16m, bdo v¢€ moi trudong, giam Un tic. . .Tai Viét Nam, mot so
tuyén duong sat d6 thi da duoc khai thac/chay thu moé ra mot giai doan phat trién méi cho van
tai cong cong cua nude ta. Tuy nhién, ddy ciing 14 cac du an thi diém nén con nhiéu van dé can
dugc nghién ctru. Theo céc tiéu chuan va 1y thuyét c6 dién dugc st dung trong thiét ké duong
sét do thi tai Viét Nam, dong lyc hoc cua két céu cau dudng sit thuong tap trung chinh vao két
céu cau ma bo qua Ung xir dong hoc cua két cdu duong ray hd tro phuong tién. Dé phat trién
lau dai va dam bao cac yéu cau vé an toan khai thac, nang cao chét lugng vong doi, cai thién su
thoai mai khi di chuyén bang duong st d6 thi, danh gia phan ing dong cua két cau duong ray
dudi tac dung cia tai trong doan tau 1a can thiét. Trong nghién ctru nay, cac tac gia xay dung
mét m6 hinh phan tir hitu han c6 xét dén tuong tac gilia tau — ray — cau cua két cau cau duong
sat d6 thi Cat Linh — Ha Pong. M6 hinh chi yéu tap trung vao ung xur cua duong ray, cu thé 1a
chuyén vi dong dudi tac dung ciia doan tau véi két cau cau nhip gian don c6 mat cat hop trong
d6 thi. M6 hinh dugc danh gia va so sanh, cip nhat véi két qua do dac thuc té hién truong.
Thong qua nghién ctru, md hinh phan tir hitu han s& dugc loai bo bt cac thong sé khong chic
chén, tién gan voi thuc té hon, ¢6 kha ning phuc vu cac nghién ctru siu, gop phan dam bao an
toan trong van hanh bao tri cong trinh.

Tir khoa: Chuyén vi dong, M6 hinh dong luc hoc, Tuong tac tau — ray, , Thuc nghi¢m phan
ung dong

@2023 Truong Dai hoc Giao thong van tdi
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1. GIOI THIEU CHUNG

Xay dung dudng sit do thi 1a mot trong nhitng giai phép tién tién va cap thiét nhim dam
bao luu thong tai cac thanh phé 16n, dac biét la thu d6 Ha Noi hién nay. Viéc dua vao xay dung
va khai thac thtr nghiém mot s6 tuyén dudng sit do thi da va dang nhan lai nhiéu tin hiéu tich
cuc trong viée giai quyet ach tic giao thong. Tuy nhién, do 1a cac dy an thi diém, nhimng cong
trinh ndy van con ton tai nhidu van dé can nghién ciru dé dam bao an toan trong qu4 trinh khai
thac va van hanh [1-3]. M6t trong nhitng van dé quan trong nhat hién nay la xem xét dam bao
Umg xur dong cua cau duong sat dudi tac dung cua tai trong doan tau. Van dé tuong tac dong
clia tau va cau la mot trong nhimg chii & dugc quan tam nghién ctu trong nhiéu nam tro lai
day. Mot mat, tau chay géy ra tac dong dong hoc 1én cac ket ciu cau, anh huong dén  trang thai
1am viéc va tudi tho cua chung. Mat khac, dao dong cua cau lai anh huong dén do 6n dinh va
an toan chay tau. Vi vdy, ¢ nhiéu nudc, Ung xtr dong lyc hoc cua cau di dugc nghién ciru mot
cach c6 hé théng trong qua trinh phat trién duong sat.

Tai Viét Nam, da c6 nhiéu nghién ctru vé dong luc hoc két cau dudng sit, cau duong sit.
Nguyén Xuan Dai [4] da phan tich tng xir dong luc hoc két cdu dudng sit khong ballast qua
mo hinh phan tir hitu han, két qua cho thiy anh hudng cta vén tdc chay tau dén két ciu duong
sat khong ballast. Truong Trong Vuong va Lé Quang Hung [5] d4 nghién ctru va trinh bay anh
huong ctia phd dudng ray khong phang dén dic tinh dong luc cua dudng sit toc dd cao. Mot s6
nghién ciru khac ciing trinh bay nhitng van dé lién quan dén dong luc hoc ciia dudng sit [6],
[7]. Tuy nhién, cac nghién ctru lién quan dén phan ung dong cua dudng ray va tuong tac giira
tau va ray van con dang han ché.

Ly thuyét c6 dién vé dong luc hoc phuong tién duong sit [8,9] thuong tap trung vao ban
than phuong tién duong sat lam dbi tugng phan tich ma khong xem xét Ung xur dong luc hoc
ctia hé¢ thong duong ray. Két cau ray dugc gia dinh 1a bo phan cua két cau nhip cau va thuong
khong dugc xem xét dén tuong tac dong luc hoc gitra cAu va tau. Trén thyc té, dudng ray la mot
két cau dan hoi, chuyén dong cta phuong tién co thé duoc truyen den duong ray qua tiép xuc
gilia banh tau - duong ray va kich thich tao ra rung dong cua két cAu cau. Va nhu vay, hoan
toan co thé xuat hién anh huong nguoc lai tu dao dong cua cau dén sy rung dong cua phuong
tién khong chi theo phuong thang dimg ma con theo phuong ngang. Véi sy gia ting van tdc
chay tau va tai trong tryc phuong tién, r6 rang tac dong cua sy twong tac dong gitra phuong tién
va duong ray s€ tang 1én. Hiéu img dong luc hoc cua phuong tién 1én két cdu duong ray ciing
tang theo. Hon nita, mdi quan tdm 16n cta cac nha thiét ké duong sét hién dai cling nhu céc k¥
su bao tri déu dang huong t61 1a cai thién sy thoai mai cho hanh khach, ngan chén tinh trang
rung lic khong mong mudn khi str dung phuong tién, giam bién dang cua duong ray, giam thiéu
hu hong va mai mon cua ca phuong tién va cac by phan cua dudng ray, va hon het la dam bao
an toan khi van hanh. T4t ca cac khia canh trén lién quan dén hé théng quan tric, theo ddi
phuong tién. Hiéu 13 cac dic tinh dong hoc ciia toan b hé thong mang lai kha ning tdi uu hoa
cac thong sb thiét ké cua ca phuong tién va cac thanh phan dudng ray nham giam thiéu twong
tac dong giita doan tau va duong ray. Do d6, can phai nghién ctru mot cach chi tiét vé hé thong
ddng luc hoc ctia doan tau va duong ray tir —qua trinh twong tac cau-tau. Pay 13 y tudong co ban
ctia dong luc hoc két hop tau - ray, dd duoc tic gia ap dung vao dau nhitng nam 1990 [10-12].

Su phat trién nhanh chong cta ki thuét tinh toan giup dé dang phan tich mét hé thong
tuong tac tau-ray phuc tap. Tuy nhién, hau hét cac cong trinh nghién ciru déu giai quyét cac bai
toan dong luc hoc theo phuong thang dimg. Dbi véi cac vi tri tuyen nam trong cac duong cong
ban kinh nho, cac chuyén dong ngang 16n cta dudng ray chic chin s& c6 anh hudong 16n dén
cac luc dong doc va ngang gitta banh xe va duong ray. Trong bai bdo nay gidi thiéu mdt mo
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hinh phan ttr hitu han ba chiéu ctia hé thong tiu-ray-cau. dua trén dit liéu do dac tai hién trudng
tuyén duong sat Cat Linh — Ha Pong s€ duoc xay dung va budc dau cd nhitng phan tich cac
dac trung dong hoc nay.

2.COSOLY THUYET

2.1. Md hinh 1y thuyét

Trong thap ky qua, mdt loat cic mo hinh hé théng theo ddi phuong tién di duoc thiét 1ap
cho cac muyc dich nghién ctru khac nhau. M6 hinh khép ndi doc va ngang cho hé thdng chuyén
dong cua tau ¢ gia chuyén hudng va dudng ray ba-lat 1a mo hinh co ban nhét da dugc gisi
thiéu dau tién vao nam 1996 [13]. Sun va cic cong su nam 2003 [14] ciling di trinh bay mot mo
hinh twong tu vao nam 2003. Bai béo trinh bay mdt mé hinh két hop 3 chiéu cho toa xe va
duong sat bao gdm ca duong sit khong co 16p da ba-1at. Mo ta két ciu duong sat tuyén khao
sat Cat Linh — Ha Dong dugc thé hién trong Hinh 1. Pay 1a két ciu dudng st khong c6 da ba-
lat bao gom duong ray, tim 16t duong ray, ta vet. Ca hai .duong ray bén trai va bén phai dugc
coi la cac dam Bernoulli-Euler lién tuc duoc do tai cac diém nbi ray-ta vet boi 16p 10 xo va can,
thé hién tinh dan hoi va can do tim dém duong ray. M6 hinh nay cho phép nhap cac tham sd
duong ray khéac nhau doc theo hudng doc cua duong ray. Ba loai dao dong cuia dudng ray dugc
xem xét: thang dimg Z,., ngang Y, va xoin @,.. Lo xo bén (K) va thong s6 can C dai dién cho
cac déc tinh dong bén trong hé théng kep ¢ dinh ray.

Trong nghién ciru ndy, doan tau véi ddu may va toa xe duge mé hinh nhu sau: moéi phuong
tién duoc coi 1a mot thuc thé doc 1ap v6i 1 than xe, 2 khung gia chuyén hudng va 4 truc xe. Ca
hai hé treo trén va du6i duge m6 hinh nhu 1a 1 h¢ dan hoi bao gdm céc 16 xo can . Tai mdi dau
ctia truc banh xe c6 cac 10 xo va can theo phuong ngang va phuong dimg. Tong cong 8 10 xo
va can tao thanh hé treo so cép, con 4 10 xo va can bén trén tao thanh hé treo thir cap. Mdi mot
than xe va khung gia chuyén hudng c6 5 bac tu do: chuyen vi theo phuong dimg (Z) va ngang
(Y), va goc xoay quanh truc x, y va z (Rx, Ry, Rz). Mdi mét truc banh xe ¢6 3 bac ty do: chuyén
vi theo phuong ding (Z) va phuong ngang (Y), goc xoay quanh truc x (Rx). Theo do, m6 hinh
doan tau co téng cong 27 bac tu do.

2.2. Twong tac banh xe - duwdng ray

Tuong tac banh xe dudng ray dugc thé hién qua 1y thuyét dan hoi phi tuyén Hertzian. Luc
tuong tac banh xe va duong ray p(t) dugc xac dinh bdi.

p(t) = [% 6Z (t)r/2 (1)

Trong d6 G la hang s6 tiép xtic gitta banh xe va duong ray, §Z(t) 1a bién dang nén dan hoi
dugc tinh bang:

6Z(t) = 6Zo + 62y, (8) — (0 2)

8Z, bién dang tinh so v&i tai trong tinh ciia banh xe 1a Py, §Z,,,(t) chuyén vi twong ddi
gitra banh xe (Z,,) varay (Z,).

52 = Gp* (3)
82yt (t) = Z,y(t) — Z,(x, 1) “)
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Hinh 1. M6 hinh két hop tau — cau — ray ba c,hiél}: a) Hinh chiéu dung; b) Hinh chiéu canh; c)
Hinh chiéu bang.
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Trong phwong trinh (2), (t) biéu thi sy bat thuong vé hinh hoc trén bé mit cta dudng ray
va banh xe nhu banh xe khong tron, duong ray luon song hay la ham bién dang duong ray, 1(t)
c6 thé 1a bat ky loai ham xac dinh nao. Su thay ddi vén tdc ciing kich thich den su tuong tac
gitra banh xe va duong ray. Déc biét cac kich thich nay thuong xay ra ¢ cac mbi ndi ray, s& dan
dén hién tugng banh xe/dudng ray bi x6c va rung.

Céc phuong trinh ctia hé thong phu ciia phuong tién c6 thé d& dang thu dugc theo nguyén
1y cia D'Alembert va cac phuong trinh nay da dugc dua ra trong [5]. Cac dang phuong trinh h¢
théng duong ray phuc tap hon trude day do tinh lién tyc ciia dudng sit. Phuong trinh vi phan
duong sat 1a mot phan nhu sau:

*Z.(x,t)  9Z.(xt) ~ =
oy L JZ 6; (©8(x = x5) - 2 Frst (D80 = ) )

Trong d6 N 14 s diém d& duong ray, §(x) Ia ham Dirac delta, Gi(t) va Frgi(t) laluc
dong gitra banh xe va duong ray va gitra duong ray va ta vet.

Gi(t) = p;(t) —po (6)
Frsi(t) = Kpi[Z, (xi: t) - Zsi (t)] + Cpi[Zr (xi' t) - Zti(t)] (7)

Pé bién ddi cac phuong trinh vi phan timg phan ctia dudng ray thanh phuong trinh:

sin — )

Ye(x) =

Trong d6 1 1a chiéu dai hiéu qua cta dudng ray. Nghiém ctia phuong trinh (7) duoc xac
dinh la:

Z(x,t) = Z ()i (®) ©)

Trong do g (t) 1a toa do che d6 thir k va NM 1a sb ché d6. Thuc nghiém sb cho thay cac
ché do duong sat s& hoi tu tot néu NM > 60. Bang cach 4p dung phuong phap ctia Ritz dé trinh
bay cac van dé, chung ta c6 thé nhan dugc dang co ban ciia phwong trinh vi phan phu thudc thoi
gian cuia duong ray cho hinh thai dao dong thtr k.

EI fmy* ° c
() +— () au(®) = Z AOACHE Z Fae (YD) (10)

r

Vi k=1~NM. Viéc thié'trlap cac phuong trinh dong hoc cua ta vet [5] s& dé dang hon. Do
do, cac phuong trinh ctia h¢ thong khdp noi tau ray trd thanh mot tdp hop 16n cac phuong trinh:

[M]{A} + [CI{V} + [K]{X} = {F} (11)

Trong d6 [M], [C], [K] 1an luot 13 ma tran khéi luong, can va do ctimg. {F} 1a vecto cua
cac lyc phuong thire va cta cac lyc bén ngoai. Va {X), {V}, {A} lan lugt la cac vecto chuyén
vi tong quat, van toc va gia toc. Dé giai quyét mot bai toan phrc tap voi so lugng DOF 16n nhu
vay thi doi hoi mot khéi lwgng tinh toan 16n. Tuy nhién vé6i sy phat trién ctia khoa hoc cong
nghg, cac cong cu manh mé thi viéc tinh toan két cAu theo  phuong phap phan tir hiru han ngay
cang tré nén dé dang dic biét tir khi xudt hién cac phan mén tinh toan két ciu hién dai.
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Nhu vy c6 thé thiy ring chuyen vi ray phu thudc lyc twong tac dong cua tau — ray — cau
hay chinh la tai trong truc va vén tdc tau chay. Bén canh d6 diéu kién rang budc giita ray va
dam phu thudc vao hé thong phu kién giir ray ciing gay anh huong khong nho.

3. MO HINH TiNH TOAN VA THU'C NGHIEM XAC DPINH ANH HUONG CUA VAN
TOC PEN DAO PONG KET CAU PUONG RAY

3.1. Mo ta két cu tau - chu

Cat Linh - Ha Dong 13 tuyén dudng sit d6 thi thuéc mang ludi Pudng sit d6 thi Ha Noi
(2). Chiéu dai toan tuyén la 13021,48m, téng cong co 12 ga, 1an luot 1a: ga Cat Linh, ga B¢ La
Thanh, ga Thai Ha, ga duong Lang, ga Pai hoc Qudc gia, ga Vanh Dai 3 ga Thanh Xuén , ga
bén xe Ha Pong, ga Ha Pong (Bénh vién Ha Pong), ga La Khé, ga Vin Khé, ga Bén xe Ha
DPo6ng mai, khoang cach trung binh giita cic ga khoang 1151 m toan tuyén duoc thiét ké trén
cao. Két cau nhip chinh cua tuyén 14 cac nhip don gian c6 mit cit ngang dién hinh 14 tiét dién
hop. Cac nhip gian don c6 nhiéu dai nhip dao dong tir 18,5m dén 32m.

o
&
I
o
8 2
e
L1300 _20p 1700 20400 150
Hinh 3. Mat cat ngang két cau cau.
0,52 0,52 0,52
el —— ""_il_'"' | i :
@ﬂ;-- TR T I BT T f BT P
2014 1952 19% w014

(] (] CE]

¥

Hinh 4. Poan tau khai thac trén tuyén Cat Linh — Ha Pong (Pon vi: m).

14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T 14T
" ONE WO THREE I FOUR
2% 10,40 a72| | 1040 | |47 1040 _| |47 1040 | BX
220 220 | 220 220 | 220 220 ‘ 2,20 220
19,52 | 19,52 | 19,52 | 19,52

Hinh 5. Tai trong thiét ké doan tau (Pon vi: Tan, m).
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Mot s thong sb co ban vé doan tau sir dung trén tuyén duong sit Cat Linh - Ha Pong:
moi doan tau gom 4 toa, moi toa dai 19,52m, khoang cach truc co dinh la 2,2m, khoang cach
c0 dinh gitta cac toa la 12,6m, tryc tau nang 1a 140kN, trong Iugng thong s6 ciia doan tau dang
duoc khai thac dugc thé hién trong Hinh 4 va Hinh 5.

3.2. M6 hinh phén tir hitu han tinh toan chuyén vi cia ray

Céc thong s6 dau vao duoc léy dua trén hd so thiét ké cua dy an duong sit Cat Linh — Ha
Pong [15]. Cac thong sb vé vt lidu duoc sir dung trong mé hinh tinh toan duoc trinh bay trong
bang dudi day:

Bang 1: Mot s6 thong s6 ctia m hinh.

Phan tir Théng sb Ponvi | Giatri
Dién tich cm? 77,45
Momen quan tinh véi tryuc nam ngang cm? 3217
Ray M6 men quén tinh vai tryc thang ding cm? 524
Modun dan hoi MPa | 2,1x10°
| Luc buoc doc/tirng nhdm kN 9
Pghilé I:g/n Do cing doc/tirng nhom KN/mm 35
Do cing ngang/tirtng nhdm KN/mm 50
Mac bé tdng - C50
Tavet | Trong lugng tiéng kg/m3 2500
Modun dan hoi MPa | 3,45x10"
Chiéu dai m 30
. Mac bé tdng - C50
Dam -
Trong lugng tiéng kg/m3 2500
Modun dan hoi MPa | 3,45x10"

Mo hinh phan tir hitu han dugce xay dung bang phan mém Midas va dugc chia 1am 3 bo
phéan chinh:

- Két cdu nhip cau: nhip gian don dam hop c6 chiéu dai L = 30m, c6 kich thudc mat cit

mo ta nhu hinh 3

- Két cdu ta vet bé tong cot thép duoc lién két truc tiép véi dam.

- Két cau ray: loai ray su dung P50 (50kg/m), lién két gitra ray va ta vet 1a lién két dan

hoi, d ctng ket phu thude vao phu kién gitt ray.

- Trong md hinh ray, dam, ta vet dugc mo ta trong Hinh 6 |a cac phan tir dim (beam).

Phan tir ta vet duoc lién ket cung (Rigid link) véi phan tir dam, phén tu ray lién ket véi ta

vet thong qua cac cac goi dan hoi (Elastic link) co do cimg la d6 cing quy dinh boi phu

kién gilr ray. Khoang cach gitra cac phy kién gitr ray 1a 630mm. Cho nén dam, ray va ta vet

s€ dugc chia thanh cac phan tir c6 chiéu dai 1a 630mm 1a khoang cach phu hgp dé bo tri

lién két gitra phu kién gitr ray va ta vet.
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(@) (b)

(©) (d)

Hinh 6. M6 hinh tinh chuyén vj trén phan mén (a) M hinh 3D két céu nhip dam; (b)
Mat cat ngang mo6 hinh tai vi tri gita nhip; (c) 7Lién két gitra ray va ta vet; (d) Gan tai trong
doan tau di chuyén vao mo hinh.

3.3. B4 tri thir nghiém hién trudong
3.3.1. Thiét bi sir dung
i Chuén bi cac thiét bi can st dung dé do dac, thur nghiém, kiém tra hiéu chudn (Hinh 7) bao
gom:
- Cam bién do chuyén vi dong: Sir dung 2 cam bién LVDT S Series ¢6 dai do tir 0-50mm.
- M6 dun thu dit liéu va cip ngudn cho cam bién
- B gia d& dau do chuyén vi voi dudng ray
- May tinh chuyén dung dé thu dir liéu.

(@)

Hinh 7. H théng thiét bi st dung thi nghiém; (a) Pau xi Iy Solartron Metrology; (b)
Cap truyén tin hiéu; (c¢) Pau do chuyén vi LDVT.

3.3.2. Thir nghiém, thu thap dir li€u tai hién trudmng
Céc vi tri do dac duge x4c dinh thuc té tai hién truong twong g vai vi tri gitra nhip.
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Hinh 8. Lap dat cam bién thu thap dir liéu.

Tai vi tri thtr nghiém, lap dit cac dau do LDVT theo phuong thang dung va nam ngang trén
hé thong ray — Hinh 8. Thiét bj do duoc bb tri tai 2 duong ray phai tuyén theo huéng ga Cat
Linh di ga La Thanh. Cac phép do véi tau chay & toc do theo quy dinh cong 1énh chay tau. Dir
liéu dugce ghi lai lién tuc trong mdi lan do: trude khi tau dén, trong khi tau di qua vi tri do va
sau khi tau di qua (Hinh 9, Hinh 10). Téc d6 chay tau dugc 1ay tir hd so chay tau cta phong
quén ly duong sat do thi tai Ga Cat Linh. Theo do, toc do tau chay qua vi tri thi nghiém 1a 55,6
km/h. Tc d6 nay 6n dinh va chénh léch khong nhiéu gitta cac 1an do do quy dinh trong qué
trinh van hanh tuyén.

Hinh 9. Thu thap va luu trir d@t liéu. Hinh 10. Poan tau di chuyén qua vi tri do dac.
3.4. Tinh toan phan tich va xir Iy két qua

Ttr thi nghiém hién trudng, cac dir liéu do chuyén vi ray duoc luu trit trong may tinh xach
tay chuyén dung phuc vu cong tac xur ly. Trong qua trinh do, mot sé tac dong bén ngoai c6 thé
anh huong dén két qua. Tuy nhién, di liéu s& dugc thu thap trong mot thoi gian dai dé on dinh
va loai bo duoc céac dit liéu nhidu. Sau do, tién hanh phan tich khoang thoi gian duoc danh dau
¢6 tau thi nghiém chay qua dé tiép tuc xir 1y. Béng cach sur dung phan mém chuyén dung theo
mé dun LVDT, céc tin hiéu dién duoc chuyén truc tiép sang tin hi¢u chuyén vi. Cac gia tri
chuyén vi cta ray theo phuong thang dimg va phuong nim ngang theo thi nghiém duoc thé
hién trong Hinh 11a. Theo d6, thoi gian tau di qua vi tri do khoang 5s, cac dinh chuyén vi theo
hai phuong duoc cam bién ghi lai lién tuc. Gia tri chuyén vi 16n nhit ghi duoc theo phuong
dung 1a 0,839mm, theo phuong ngang la 0,121mm. Tuy nhién, théng qua biéu d0 co thé thay
do nhiéu tin hiéu va tan sb 14y mau chua thuc sy lién tuc nén gitra cic dinh chuyén vi c6 khoang
cach khong déu.

Dua trén thoi gian di chuyén qua vi tri cam bién, tién hanh thiét 1ap thoi gian mé hinh tau
chay trong mo hinh phan tir hitu han twong tu véi thoi gian ndy. Gia tri chuyén vi cia ray trong
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mo hinh dugc thé hién trong Hinh 11b. Gi tri chuyén vi 16n nhat ghi dugc theo phwong dimg
1a 0,854mm, theo phwong ngang 1a 0,129mm. Cac dinh chuyén vi chay trong mé hinh do khong
chiu anh hudng cua nhicu tin hiéu va cac tac nhan khac nén c6 khoang cach déu nhau. Két qua
mo phong va két qua thuc nghiém c6 sy twong dong.
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Hinh 11. Chuyén vi theo phuong thang dung va phuong ngang 16n nhét do duoc; (a)
Chuyeén vi do thuc nghiém, (b) Chuyén vi tinh toan.

Chuyén vi 16m nhét dat dugc khi céc truc tau di qua vi tri diém do sau d6 giam. Trén biéu
dd chuyén vi dimg xuat hién 16 dinh twong tmg véi thoi diém cta 16 tryc tau lan luot di qua vi
tri diém do. Téng hop két qua do chuyén tryc tiép trén két cdu duong ray ngoai hién truong va
két qua chyén vi tinh toan trén mé hinh, danh gia chuyén vi theo phuong ngang cua ray theo
cac didc trung vé hé s6 1at banh va ti 1¢ giam tai trong banh xe quy dinh trong TCVN vé Phuong
tién dudng sit d6 thi kho 1435mm — Yéu cau ki thuat, phuong phép thir [16]. Két qua duoc thé
hién trong bang dudi day.

Bang 2. So sanh d6 an toan van hanh Kkét qua do dac thuc té so vai két qua tinh toan mo hinh.

Chi tiéu Két qua do | Két qua tinh toan Sai s6
dac
Chuyén vi dtg (mm) 0,839 0,854 1,5%
Chuyén vi ngang (mm) 0,121 0,129 0,8%
4. KET LUAN

Hién nay, hé thong giao thong bang duong sat da va dang tro thanh mot hinh thirc di chuyén
¢6 nhiéu loi Jich v& kinh té va dan tré nén pho bién hon, dic biét 1a trong cac khu vuc d6 thi.
Mot trong sb cic van dé anh hudng tryc tiép dén dam bao an toan va hiéu qua khi khac thac,
van hanh 1a viéc danh gia cac phan tng dong cua két ciu duong ray dudi tai trong doan tau.
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Day 12 mot bai toan phuc tap khi kho c6 thé xac dinh duge mé hinh tuong tng va phu hop dé
phan tich sy tuong tac nay véi cac dang két cau cau khac nhau.

Nghién ciru trinh bay vé viéc xdy dung m6 hinh dong luc hoc két hop tau — ray dua trén
thue nghiém phan ng dong cua két cau ray thudc tuyén dudng sit d6 thi. Ddi twong ap dung
la tuyen duong sit d6 thi Ha Noi — tuyen Cét Linh-Ha Bong. M6 hinh dong luc hoc dugc xay
dung dua trén tuwong tac va mdi quan hé giita ray — tdu — cau. Sau khi mé phong cac thong sd
gidng vai ho so thiét ké, cac lién két gilra ray va két cAu cau dugc bd sung vao mo hinh. Thoi
gian tau chay qua vi tri dang x¢t trén két cau duoc mo phong tuong tu voi thyc té. Thong qua
két qua cla biéu d6 chuyen vi dong thyc do va m6 phong, md hinh duge xac nhéan gan giong
v6i thyc té khai thac. Sai s giira két qua do thuc té va thuc nghiém 14 twong d6i thap voi 1,5%
cho chuyén vi ngang va 0,8% cho chuyén vi dtmg, tir d6 chirng minh sy phit hop ctia mé hinh
tinh toan trong bai toan do dac thuc té. Thong qua mé hinh dugc xay dung trong nghién ctru
nay, c6 thé phat trién thém cac két qua v4i cac mirc tai trong va van toc khai thac khac dé tbi
uu héa qua trinh van hanh khai thac cia tuyén duodng sat do thi ndi do, dé)ng thoi phuc vu cac
nghién ctru sau trong tinh toan danh gia duong sit do thi.

Két qua ctia nghién ctru ndy c6 thé 1a mot tai liéu tham khao hitu ich cho cac bai toan phan
tich thuc nghiém va mo hinh s6 vé tuong tac cau-tau, dic biét khi su phét trién mang ludi duong
sat d6 thi dang dan duoc quan tam tai Viét Nam n6i chung va Thanh phé Ha Noi noi riéng.
Thong qua cac nghién ctru vé phan tich sy twong tac trén, c6 thé dua ra cac két luén va kién
nghi ve tai trong va van toc khai thac de dam bao an toan cho ddi tugng sir dung va tdi da kha
nang van hanh cta cac tuyén dudng sat nay.

LOI CAM ON

Nghién ctru nay dugc tai tro boi Tap doan Vingroup va hd tro boi Quy d6i mai sang tao
Vingroup (VINIF) trong Dy 4n ma s6 VINIF.2021.DA00192.
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